INTRODUCTION
THE PURPOSE of this study is to provide an account of the remodeling changes and the distribution of resorptive and depository surfaces in the growing mandible of the young rabbit. This species is commonly used in studies of facial growth and in experimental work dealing with tooth-bearing bone. The present study was undertaken to provide information on normal growth patterns in the rabbit as a basis for experimental studies. Comparisons are made with known growth patterns in the human mandible.
MATERIALS AND METHODS
Twelve New Zealand white rabbits in an age range from 2 to 6 months were used. Intravenous aqueous lead acetate was administered according to standard procedures (SCHEIMAN-TAGGER and BRODIE, 1964) in order to better visualize depository periosteal and endosteal surfaces of the growing bone. ZAK (1963) showed that dosages within the range used do not affect size and weight curves in rabbits. Possible effects of this compound on amounts of bone deposited at the microscopic level are not now known. Comparisons with untreated controls, however, have not shown any influence on the nature of growth patterns involving the actual distribution of resorptive and depository surfaces. Mandibular specimens were removed from sacrificed 993 animals 48-72 hr following lead acetate injections, fixed in 10% neutral formalin and then decalcified. The left half of each mandible was embedded in celloidinparaffin and serially sectioned at 15~.
The serial sections were analyzed for the detailed regional distribution of resorptive and depository periosteal and endosteal surfaces. Using this information, the mandible as a whole was mapped according to patterns of such surface activity (Figs. 1 and 2). Regional directions of growth throughout all parts of the mandible were then FIGS. 1 and 2. Rabbit mandible. determined from this information and related with one another. Principles of growth and remodeling applied in previous studies of mandibular growth in the Rhesus monkey (ENLOW, 1963) and the human (ENLOW and HARRIS, 1964) were similarly employed in the present study. These concepts include the principle of "area relocation" and the concept stating that those particular bone surfaces facing actual directions of growth are depository in nature. In contrast, those surfaces facing away from the growth direction are typically resorptive. These and other related principles are discussed in further detail in the reports cited above.
RESULTS
The bulbous mandibular condyle is responsible for growth of the upper ramus in a cephalic and posterior direction by a process of endochondral bone formation within the condyle itself. Because the adjacent neck of the condyle sequentially occupies a position previously held by the condyle during a former growth stage, a direct and continuous remodeling conversion from the growing and moving condyle into the neck takes place. In this process of relocation, the buccal and lingual cortices grow in an actual endosteal direction, with corresponding periosteal resorption, thereby reducing the broad dimensions of the former condyle to that of the more narrow neck. In the accompanying figures it is seen that the outer bone surfaces in both Areas 1 and 2 are resorptive in nature. The posterior margin of the entire ramus (Area S), however, is depository. This provides a growth movement of the ramus in a posterior course in conjunction with simultaneous resorption along the anterior border of the ramus. These growth activities proceed simultaneously with the remodeling changes occurring in the condylar neck, as described above.
Note that the lingual side of the ramus (Area 3) is largely depository in character in contrast to the buccal surface (Area 4) which is primarily resorptive. This combination is associated with the generalized posterior and upward movement of the entire growing ramus. Since the lingual side of the ramus faces the actual upward and posterior direction of growth, its surface thereby receives continued deposits of new bone. The contralateral buccal side, however, faces away from these growth directions and is resorptive in character. This combined pattern of resorption and deposition on opposite sides serves to move the whole ramus in a backward and at the same time a cephalic course in conjunction with corresponding growth movements of the mandibular condyle.
Small localized regions of resorption (with endosteal bone deposition) are present in Areas 8 and 9 on the lingual side of the ramus. The growth reversal in Area 8 is concerned with the marked lateral flare of this region, and its endosteal mode of cortical growth serves to move the area in a lateral direction behind the backwardmoving posterior margin (Area 5). Surface resorption associated with endosteal bone formation in Area 9 produces the characteristic and marked depression located caudally to the mandibular foramen. Continued surface resorption proceeding in a posterior direction serves to move this fossa in a progressively backward direction as the entire ramus grows posteriorly.
The ramus as a whole moves posteriorly by the combined growth processes outlined above, and as it does so brings about a corresponding elongation of the mandibular body by a remodeling conversion from former areas of the posterior-growing ramus into the lengthening body itself. Since the ramus occupies a position quite lateral to the axis of the body, a marked growth movement toward the mid-line is involved in the remodeling transition between anterior ramus and posterior body. This region of remodeling adjustment occurs in Area 10, and periosteal bone deposits on the lingual surface serve to carry the junction of the backward-growing ramus with the elongating body in a medial direction to a position corresponding with the line of the dental arch. The resorptive nature of the lateral side of the ramus (Area 4) in addition to providing generalized posterior and cephalic growth as noted above, also functions to move the anterior part of the ramus in a medial course as it becomes sequentially relocated and converted into the elongating but more medially positioned body.
The periosteal surface along the inferior margin of the gonial angle is depository. This growth pattern brings about a general enlargement of the entire angular process by growth increase in a downward direction. The upper surface of the angular process faces away from this inferior direction of growth and is therefore resorptive in nature (Area 7).
Both the labial and lingual sides of the mandibular body (Areas 11 and 16) are largely depository. Periosteal bone deposits in these regions function to increase the size of the body in proportion to the overall size of the entire growing mandible.
A localized region of periosteal resorption with endosteal bone formation is present on the upper surface of the genial tuberosity (Area 12). This functions to move the tuberosity downward in combination with progressive bone deposition on its inferior surface. Also, periosteal resorption from the bone surface overlying the incisor teeth (Area 15) occurs in conjunction with a curving plane involved in the forward eruption of these teeth and forward and downward growth at the point of the mandible.
Numerous nutrient foramina perforate the cortical plate on the labial surface of the mandibular body (Area 14). The lining of these penetrating canals is resorptive.
DISCUSSION
A comparison of the general mode of mandibular growth in the rabbit and the human shows several similarities and differences. Parallels in growth and remodeling patterns are based on (1) the generally similar V-shaped configuration of the entire bone, (2) the presence of a growth center in the bulbous condylar head, and (3) a vertically placed, backward-and upward-growing ramus. The remodeling conversion from condyle to condylar neck follows the same sequence of inward, endosteal growth in both species. The presence of a posterior depository and an anterior resorptive surface on corresponding margins of the ramus is also similar Further, the predominantly resorptive buccal side together with a depository lingual side of the ramus conforms to a common growth and remodeling plan. Generalized periosteal bone increases in most areas of the mandibular body are characteristic of both forms, and remodeling conversion from ramus to body follows a similar growth pattern.
Differences in growth are associated largely with regional differences in gross morphology. A prominent coronoid process is characteristic of the human mandible but is inconspicuous in the rabbit, and the complex remodeling sequence associated with this area in the human (ENLOW and HARRIS, 1964) is lacking in the rabbit. Also, a large, protruding lingual tuberosity is present on the lingual side of the posterior mandibular body in the human jaw (corresponding to Area 10 in the rabbit) but is only slightly represented in the rabbit mandible. As a result, this region in the human shows marked deposition of periosteal bone in the area of the tuberosity, a growth increase which grades proportionately farther back onto the lingual side of the human ramus as compared with the rabbit. The presence of this large tuberosity, further, is associated with an extensive region of resorption located just beneath it on the lingual side of the mandibular body. This resorptive area is concerned with the progressive undercutting of the projecting shelf of the lingual tuberosity as it grows in an upward and backward direction simultaneously. The absence of such a massive lingual tuberosity corresponds to the lack of this characteristic resorptive zone in the rabbit mandible.
Further growth differences are found in the forward mandibular angle at the point ul'junction between right and left halves. This area in the human becomes fused soon after birth but remains separated in the rabbit. The characteristic presence of a mental protuberance in man is associated with a complex sequence of cortical remodeling changes in the region of the chin. These particular growth changes related to the chin are not represented in the rabbit. The development of large, curved, tusk-like incisors in the rabbit mandible, however, involves restricted and localized areas of surface resorption (with endosteal bone deposition) in the overlying alveolar region of each incisor (Area 15). This is related to the depression of the area as the tooth erupts and moves in a curving forward direction and as the point of the mandible becomes extended in an inferior and anterior direction.
K&um&Les modes de croissance post-natale de la mandibule de lapin sont ttudiCes B la suite de rapports consacr& B la croissance mandibulaire et ses modifications chez l'homme et le singe Rhesus. Les mCthodes utilis&s sont identiques & celles des etudes antbieures.
La rkpartition d&aiilee des surfaces d'apposition et de resorption des diffbrentes rCgions mandibulaires est dCtermin&. A partir de ces dorm&s, des types globaux de croissance de cet OS sont dCcrits et discut6s. Les rapports des modificacations subies par les differentes rt5gions mandibulaires montrent des similitudes et des diff&ences entre Ia croissance post-natale chez le lapin et I'homme. Par suite de la similitude de forme dam les deux esp&es, le type global de croissance est voisin et comporte une croissance condylienne, une reduction progressive du co1 du condyle et un recul de la branche montante.
La surface linguale de la branche montante dans chaque esp&ce, est surtout form6e par apposition et contraste avec la r&orp-tion not& sur les c&b vestibulaires 1atCraux oppotis chez l'homme et le lapin. La croissance du corps mandibulaire estidentique dansles 2 esp&es. Plusieurs diffkrences majeures sont cependant observ&es. Elles portent sur des details d'anatomie macroscopique et comprennent en particulier des differences dans les apophyses coronoides, la tubCrosit6 linguale et la r6gion du menton. Les raisons de ces diffkrences de d&eloppement sont discutees.
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